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Glulam Design for Fire Performance
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Taiwan Fire Code

=Fire Code for Wood Construction in
Taiwan (K& RFEYIEGT B TEAMTRE
NEERY)Z BHX) was published in
November 2008

=Dr. Su (#JE37) presented background
info at the last APA Seminar in August
2008

Characteristics of Glulam in Fire

=Wood is an excellent
heat insulator

=Develops a char layer
after fire exposure

= Self-extinguishing
after fire source
removed

= Retains significant
residual strength after
being exposed to fire

Glulam vs. Steel
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Glulam vs. Steel
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Fire Rating for Glulam

=Two accepted
methods under US
Building Codes
= IBC Empirical Method

= NDS Mechanics Based
Model

—
APA Technical Note

Caboalating Fire Roxaanie (i
of Glulam Beasm and Cobems

=Provides details of
the IBC and NDS
methods =

=Examples for both o
methods =

—
IBC Methodology

=Empirical protocol

= Based on extensive testing in the
U.S. and other countries using the
ISO 834 fire test protocol

=Beams — 3 or 4 sides exposed
=Columns - 3 or 4 sides exposed
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IBC Methodology for Beams IBC Methodology

= Beams exposed on 3 sides
t=254ZB[4-B/D] -

= Beams exposed on 4 sides -
t=2.54ZB [4-2B/D] -
*B = beam width !_
=D = beam depth i \ -
. . - )
=t = fire resistance in minutes I

=Z = load compensation factor P T
= applied load / design capacity _ e mwoAm _
) ara
IBC Methodology for Columns One—Hour Fire Rated Glulam
* Columns exposed on 3 sides Jd )
t=2.54ZB[3-B/2D ] NEREEEN =
= Columns exposed on 4 sides in 'j" TT T 11T F i
t=2.54ZB[3-B/D] }" / fu P
b =23l i _.//______-——_-:_"_' g
y Ty e o T T e onien | EE
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One—-Hour Fire Rated Glulam 2005 NDS Methodology
— e = | | u » | =Chapter 16
:‘:,. - _— “%: =Mechanics Based
a Ha R Model
= = - = N D s =Supported by
-__-.:_ B NATIONAL DEBIGN SPECIFICATION empirical data
ﬂn“ = 2 S | ‘ﬁ FOR WOOD CONSTRUCTION
il To-2M 0wz e
an ey T wA -
mh“‘:‘ﬁm;&w#ﬂ ﬁ m-w::::: ﬁ
2005 NDS Methodology 2005 NDS Methodology
=Determine reduced section properties ASD
of glulam after fire exposure using (3|3 |8
effective char layer gl } rBEIARE
=Calculate induced bending stress with ég‘ - A
reduced section T T I
=Determine the member strength based »Strengih A
on tabulated stress x fire adjustment e
factor (2.85 for bending) e
= F, x 2.85 2 calculated induced stress = The strength factor brings the fire design to
. the average breaking strength of glulam o
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2005 NDS Methodology 2005 NDS Methodology

1.ZBn t ﬁeff

0.187 the | 18indhr
(45.7 mm/hr)

Effective char rate (in./hr), 1.58 in./hr
adjusted for exposure time, t 2 hr
(40.1 mm/hr)

B, = Nominal char rate (1.5 in./hr)
t = Exposure time (hr)

Beff =

Where:
Beff

IBC Example: Glulam Beam IBC Example: Glulam Beam

= L = 30 ft simple-span
BLUED LAMINATED = TL = 240 Ibf/ft (dead +
HFHH n[SiﬁH IHHIIE snow Ioad) ;:/:"I[_NC]HW‘D;H 10 12 14 1 18 0 12 M Iésm;:'m 30

H 2] 3820 145 1693 1240 06 60 47 355 I W 1M R
L] - =
3 Slde exposure 1302|4848 3097 Dids 1572 1199 044 4 509 380 G2 28 191

. 15| 98 a5 w51 00 183 &) o] 8 sy 49w (BE)
- Fb = 2,400 psi e o] a0 e e e om0 0 s s 3R

18| B12¢| 5913 3821 2801 2101 1644 1313 107 B&G‘ 733 58 470

= EWS S475 Glulam
Design Tables

sE=1.8x10° p5| | el 2 um B w0 WS 10 e e 62 T4 A
o (1057 7287 5206 9759 893 07 1743 e Vo4 1005 B 78]

" F = 265 Si /2 11955 B| NI 4267 2032 1518 D02 1edd 1363 4B 970 843
v P 2 {1 0] N3 4BME B6ss DB 27 1SE 1SE 10 T 9

25-1/2 (15340 10007 7416 5442 4103 3197 2556 2087 1733 460 1245 1073

[ ] i - i
Determlne 1 hr flre 7 17428 11078 8175|4068 4576 3546 2051 2308 1994 1409 1390 198

19814 12052 8843| 4726 5073 3953 3162 2981 D15 1807 1542 1329

82
rated glulam 30 (20598 13544 O6kd| 416 sSO4 434D 3487 4B Dk W94 701 1467

31-1/2 (25889 14972 10524 8110 | £139 4785 3827 3126 2597 2189 1848 1611
33 |28892 14558 11451 8747 | 6708 5029 4183 3417 2839 2304 2043 1742
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IBC Example: Glulam Beam

= Try 5-1/8” x 21”
(allowable = 266 plf)
=240/ 266 = 0.90
=Z=1.03
"t=2.54x1.03 x 5-1/8
X (4 —-5-1/8/15) =49
min.
NG!
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*

(allowable = 470
pif)

IBC Example: Glulam Beam

= From design table, sz STAN )

) 8 0 12 14 16 18 20 2 24 % B N

Depth
choose 5-1/8” X 18” * 2| 3829 2445 1693 1240 946 640 477 355 10 209 14 31

1372 | 4348 3097 2u5 1572 M99 044 M 9 30 500 2
15 | 5987 3825 2651 1942 1483 &0 928 703 sy A9 3 s
7093) 4630 3209 2350 1788 1392 1IN e 720 56D 446 3B
18| 126 sS13 3 W02 I tedd 12 won w8 731 s
19-/2 | 9248( &472 4dF7 3264 460 195 150 1248 1038 872 743“ 401
0 (10537 7287 5206 3759 2833 2007 1763 1439 1194 1005 857 73&“
221/2 (11955 8121 5937 4287 3032 2518 2012 1442 1343 148 Om 843
24 13551 9004| 6713 4848 3655 2048 2277 1858 1543 1300 1108 954
25172 (15360 10007 741¢| 5442 4103 D197 D56 2087 1733 14ed 1245 1073
(17428 078 8115|6088 4576 36 2851 2028 1934 1429 130 %
28172 (1981412250 8863|6726 5073 3953 3162 2582 s 1807 1542 1329
30 |22508 13544 Oksd| 7416 5504 4360 3487 M8 266 1904 1701 1467
911/2 25889 1497210524 8110 | €199 4785 3817 N 2507 289 1868 6n
33 128800 14558 11451 8747 | £708 5220 4183 3417 2839 2304 2043 1761

*

IBC Example: Glulam Beam

=240/470 = 0.51
=Z=1.28
=t=2.54x1.28 x 5-1/8
X (4-5-1/8118) =
61.9 min.
OK!

!
i
1

ras
.
Cobann - LB 11

*

Typical Glulam Beam Layup

24F-V4 Doug Fir (12 Lamination Example)

2 - L2 Dense Grade Outer Comp. Lams
1-L2 Grade Inner Comp. Lam

6 - L3 Grade Core Lams

1-L2 Grade Inner Ten. Lam
1- L1 Grade Outer Tension Lams
1- 302-24 Outer Tension Lams

For 1-hour fire rated beam: substitute
additional tension lam for core lam
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Fire Rated Glulam Layup

Starxard One-Hour Rated
Beomloysp  BeomLoyup

|| Comgremion lams ot lop
| Core lams in canter
| Tervsion ke of bofiom

One lension ko odded ot
bottom {replaces one corne
lam remcoved franT canter)

NDS Example: Glulam Beam

= L = 30 ft simple span
= TL = 240 Ibf/ft (dead +

snow load) e T T T e R e A A waw
= 3-side exposure | e w7 s e ol s % M W me w

12| 3829 0445 1493 1240 44 440 477 355 20 M 1M d
15| 90 s ks 00 183 M) 9| 00 sy 4w ()

- Fb = 2,400 psi e [700) 40 309 3 1mE w2 M 0 0 s Ak TR
) 18| o2 =13 8 0 21w g 0m esm] 7 sm 40

=E=1.8x10° psi 02| ol 2 g me0 W15 190 8 e G2 T4 a0
st TH) 06 e 107 163 B o 00s B 8

" F - 265 pSl 20.1/2 11955 8121 5937 4287 3032 1518 2012 1edd 1363 1148 979 843
v 2 (15 gud €73 daie s M6 1077 18 13 N0 M08 984

H H 25-1/2 15360 10007 7406( 5442 4103 197 Dsse 2087 1733 1460 1245 1073
[ ] -
Determlne 1 hr flre 7 (17428 MO78 8115 6048 4574 3546 2851 2308 1984 1409 130 1198

19814 12052 8843|4726 5073 3053 3142 2580 0145 1807 1542 1309

28172
rated gIUIam 90(22508 13544 O6ed| 7416 5504 4340 3467 2848 2366 19M 1701 1467
311/ |25889 1497210524 8110 | 6139 4785 3817 1de 257 2189 18ed 1611
9% {28802 16558 11451 8747 6708 5020 4183 417 2830 23 2043 1741

NDS Example: Glulam Beam

Dapn
AT T T Y U RN U ey * G N )

= Try 5-1/8” x 15”

= For 1 hr fire rating,
Bes = 1.8 in./hr

b, =51/8"-2x1.8" =1.525”

"hy;, =15"-1.8"=13.2"

"8, =1.525x13.22/6 = 44.3 in.3

*M,,,=285xF,’x8S,,, =2.85x2,400 x 0.9437
x 44.3 /12 = 23,831 Ibf-ft

NDS Example: Glulam Beam

=M =wL?/8 =

applied —

(240 + 18.7) x 302/ 8  5immncAwoH
=29,102 Ibf-ft > M,,, Dt T Jo

Beam Weight {lkb/ft) 149

(23,831 Ibf-ft) Alind) &5 4909 TEEE

$iin3) 1230 157 1922

NG! lin4 7380 1051 1441
a8
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NDS Example: Glulam Beam

= Try 5-1/8” x 18”

=M

NDS Example: Glulam Beam

wL?/8 =

applied = 5-1/BINCH WIDTH
n FOI’ 1 hr fire rating, (240 + 224) X 302 / 8 Depth (in] 12132 15 1812 18
Best = 1.8 in./hr i =29,522 Ibf-ft <My, 0 A0 B NG
eff (35,213 Ibf-ft) Sind 0 157 W2 1ms o7
" by =5-1/8”" -2 x1.8” =1.525” OK,' m:;, O WS w0
"hy;, =18"-1.8"=16.2” )
= 31_hrr =1.525 x 16.22/6 = 66.7 in.3
*M;,;,=285xF, xS, =2.85x2,400 x 0.9266
X 66.7 / 12 = 35,213 Ibf-ft
L -y
Example Summary Connections

= The same example,
= IBC =5-1/8” x 18”
= NDS =5-1/8” x 18”

ANEME S SRR R RESEIG  BE
KEFFERRIIRRZ X EZ SR E - FeB
I RETER » BEEFCIIREZ’A - RILEE
REBIEGE - ERERARERE K EE
RES IO - SR S EBINR B RN
PR b 2 2 BRI
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I Connections I I Fire Safety of Light Frame Construction I

DA RS 2 AR B A K B3 7 SR AR

=|BC permits calculation of fire
performance based on component
additive method

=Evaluated in accordance with ASTM

E119 assembly tests
Hybrid construction with =Wall assemblies
1st story of steel or concrete =Floor assemblies

supporting 2-4 stories of

wood framed construction =Roof assemblies
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IBC Component Method *

Example: Assume wood framed wall

Fire Rated Systems

2x4 studs at 16" on center 20 g pEEET—
15/32" wood structural panel 10 S . ——
1/2" gypsum wallboard 15 O
glass fiber wood batt insulation 15 —
Total = 60 | I
* Section 721.6 of IBC = YT
Fire-Resistance of Wood Assemblies - ;:::-E__u -
= . =
Hundreds of Publications APA Helpdesk
APA
%I*%ﬁﬁfﬁ@ Contact us: . \‘i‘
help@apawood.org
http://www.apawood.org
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Questions?
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